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ABSTRACT
An attempt was made to regenerate a phenidone -hydro
quinone developer. During the electrolysis the concen
tration of all the components remained constant with the
exception of bromide, which was released as bromine from
the anode. The possible use of the apparatus to remove
bromide and reduce the replenishment rate in a contin
ous processing system is suggested.
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1.
Introduction The patents of Blaney and Weisberg In 1937 were the first
public mention of the use of electrolysis to regenerate
oxidized metol-hydroquinone developer. The original
patents were both impractical because of the hydrolysis
of the nitrogen in the number four position on the benzene
ring of the methol-p-amino phenol sulfate, which prevents
the electrolytic reduction to the original compound.
The structure of one phenyl-three-pyyazolidone, or pheni
done was investigated as a replacement for metol. It was
believed that the basic structure of phenidone remained
unchanged during its oxidation and a phenidone -hydroquin
one developer based on the formulas of Kendall and Ax-
ford was made up,
Hydroquinone 8.08 grams
Na2S04 75.0
Phenidone 0.242
Na2C03 - 37.50
KBr 2.00
H2O To make one liter.
The developer was diluted one part sol
ution to one part water for use.
During development an electron is lost by the pyrazolidone
ion of phenidone to yeild a reversible mesomeric free rad-
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ical with an orange-red color. This color Is absent in
the presence of hydroquinone, which is believed to re
generate the oxidized radical. In the oxidation of hydro
quinone by silver bromide the product of the reaction was
H0-<^ x<>HT^ "N=lO /
2H^ /
Be"
(2)
also believed to be reversable. The combination of the
regeneration of phenidone by hydroquinone, in conjunct-
Ion with the reversal of the hydroquinone oxidation re
action, was believed to be adequate to regenerate the ai
sample back to the original ionized compound under the in
fluence of an electron source.
Theory During the electrolysis the bromine and clorine were ex
pected to be released at the anode while an electron was
given up at the cathode. The reaction was expected to Inc
rease in alkalinity as the hydroxyl ions released from the
breakdown of waterwould remain in solution. Hydrogen 4
atoms, which were released at the cathode, would give up
their aquired electron to the oxidized developer ion on
contact in the agitated solution.because of its position
In the electromotive series. The regenerated developer
would then need only selected replenishment to be com
pletely rejuvenated.
Procedure A quantity of diluted developer was oxidized by projection
3.
I_L
mm.
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4
air agitation
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Electrolytic regeneration apparatus
Figure I.
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paper. Two liters of this solution was then placed in the
apparatus shown in figure one. The membrane was filled
with a one percent solution of sodium cloride to complete
the electric circuit. Direct current ranging in ampheres
from 0.04 to 5.0 over a pH range from 7.0 to 12.0 was
applied. Samples were removed at predetermined times and
analysed for developer, sulfite, carbonate, bromide con
centration and pH. This analysis was also conducted on
the fresh and oxidized developing solution. A run at nor
mal pH and maximum ampherage was selected for sensitometric
tests for comparison with the fresh developer and oxidized
developer.
Results Figure two shows that bromide was removed from the sol
ution during electrolysis, While the concentration of
carbonate and sulfite remained constant. From the constant
absorbancy readings of table onefor any single sample num
ber, itccan be assumed that the developer concentration did
not change during electrolysis. Sample number six was
checked withlsensttometric strips and a slight Increase in
density was noticed for the regenerated curve. This can
1
be contributed to the reduction In bromide concentration. '
Relative H and D speeds, gamma and fog was caculated for
this series of curves. These were essentially constant for
the oxidized and regenerated sample, and In all cases were
less than those obtained from the fresh developer. This
data is given in table two.
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Discussion There is still much knowledge to be gained from exper
imentation with a phenidone type developer. A particular
area which needs investigation is on the acid range of the
developing solution. There is still a strong belief that
the phenidone -hydroquinone working combination is acc
eptable to regeneration at a low pH because of the excess
of ions and existing catalytic conditions due to the nat
ure of the organics. However, it is not economically
practical to regenerate an acidic developer which has its
optimum development chacteristies within the basic range.
Some difficulty was encountered in finding the absorbancy
indicies of the developer used. Two types of developer ^
was made available phenidone and phenidone-B. Phenidone-B
was used in the developer samples but because of the fail
ure to find the absorbancy index phenidone was used to set
up the analytical determination outlined in the appendix.
It is not known if any difference existed in the contents
of the two bottles. It has been suggested that the phen-
'
idone-B has its ethol group replaced with a methol group ?
and Its position shifted from the upper right to the upper j
left of the pyrazolidone. If this Is so, the shifted rad
ical might have interfered with the electron bonding of
the nitrogen on the first ionization of phenidone. One
indication of a possible difference was the pugnant odor
of phenidone-B.
1 Shoemaker, William S., Class discussion", R.I.T. , May 5, 1958,
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A possible answer to the varying absorbancy index may lie
in the aerial oxidation or deterioration of the sample which
may vary with depth within the bottle giving a different
composition with each sample removed. Because of these
factors it cannot be said that the possibility of regener
ating a developer with phenidone-hydroquinone does not ex
ist by virtue of this report.
Due to the time alloted it was not possible to run dupli
cate samples of all the regenerations. In the absence of
duplication some doupt can be cast on the validity of the
obtained data.
The Information obtained from this report may be useful
for additional research in this type of project. The
system used in this experiment, using five ampheres and
in operation for one hour, removed 1.8 grams per sample
of bromide without affecting any other component of the
developer. A small unit operating at the same capacity
and used in a four liter tank for black and white pro
cessing would reduce the replenishment rate by a factor
of five times. If the electrolysis would not destroy the
structure of any of the constituents In a color developer,
the same principle might apply and the monetary difference
over replenishment would be substancial. An additional
experiment will be conducted to investigate this possib-
9.
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Summary An attempt was made to regenerate a phenidone -hydro
quinone developer. During the electrolysis the concen
tration of all the components remained constant with the
exception of bromide, which was released as bromine from
the anode. The possible use of this apparatus to re
move bromide and reduce the replenishment rate in a con
tinous processing system is suggested.
Acknowledgement is made to the Rochester Institute of
Technology for the use of its facilities and to the mem
bers of the Chemistry and Photography Departments for
their aid and cooperation.
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ORIGINAL DATA
Table 1.
Sample # PH Amperes Coulombs Absorbancy
at 270 mu.
Absorbancy
at 247 mu.
1. 10.3 0.04 360
570
0.375
0.375
0.338
0.338
2. 10.4 0.5 1800
5400
0.072
0.075
0.300
0.301
3. 10.4 1.0 2700
5400
7200
0.090
0.094
0.095
0.209
0.206
0.200
4. 10.4 2.0 6000
12600
0.078
0.080
0.261
0.263
5. 10.3 5.0 9000
18000
27000
0.075
0.080
0.085
0.280
0.295
0.285
6. 10.3 5.0 18000 0.090 0.270
7. 10.3 5.0^ 9000
18000
0.219
0.221
0.245
0.256
8.
e
12.0 5.0
*
9000
18000
27000
0^024
0.020
0.019
0^092
0.089
0.085
9. 7.0 5.0 9000
18000
27400
0.035
0.038
0.035
0.075
0.073
0.072
Sample # pH Amperes
a
Coulombs Grams Br~ Grams COg5 Grams
6 10.3 5.0
Table
OOOO
3000
6000
9000
2.
1.28
1.34
0.90
0.71
0.44
0.47
23.8
22.9
24.0
23.5
15,
15.
14,
14,
,4
,0
,6
.7
11.
Density Readings
Step # Fresh Developer Oxidized Developer Regenerated
Developer
0.10 0.10
0.13 0.14
0.21 0.25
0.39 0.44
0.67 0.74
0.98 1.08
1.24 1.31
1.47 1.57
1.68 1.78
1.86 1.96
2.02 2.10
0.90 0.94
0.09 0.10
18.1 18.1
Table 3.
1 0.16
2 0.21
3 0.33
4 0.63
5 1.13
1.53
7 1.85
8 2.06
9 2.24
10 2.38
11 2.46
Gamma 1.2i
Fog 0.1
Speed 18.'
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DETERMINATION OF PHENIDONE AND HYDROQUINONE IN A
PHOTOGRAPHIC DEVELOPER
Introduction
A sample of developer is placed in a buffering solution
and the absorbency was read on a spectrophotometer. If
the developer is exhausted then two samples are required,
the absorbency of an extracted sample and of an unextra-
cted sample. The difference between the two readings Will
be the absorbency of the unoxidized developer.
It Is possible, by a method similiar to that of Rees
and Anderson, to plot the absorbencies of various known
concentrations of phenidone and hydroquinone along the
abscissa and ordinate of a graph. By a method of cross
reference to the absorbencies of the sample at the peak
wave lengths, the unknown concentration of the develop
ing agents can be found.
Solutions
7.0 normal sulfuric acid
water saturated ethyl acetate
pH 5.00 buffer
cleaning solution
0.1$ phenolphthalein
Procedure
13,
A. Graph Construction
1. Prepare mixes of all the Ingredients with the except
ion of hydroquinone, using concentrations of phenidone
covering the exspected range. Repeat using hydroquinone
and without phenidone. Determine the absorbancies at
270 and 247 millimicrons. Subtract the absorbancies of
the basic mix from these absorbancies and determine the
"absorbancy indices" according to the equasion
as = As/bC
as: absorbancy Indies
As: absorbancy of sample
b: cell length
C: concentration in g/l.
Choose the lowest concentration of phenidone and hydro
quinone exspected and caculate the total absorbancy at
each wavelength as follows
At 270 mu
Absorbancy of Phenidone s asC - 0.071 X 2.00 = 0.142
Absorbancy of Hydroquinone asC - 0.082 X 1.00 0.082
0.224
Repeat this for 247 mu and plot the results as point A on
figure 1. Compute three other points in a similiar man
ner and construct the grid as shown.
B. Fresh Developer
1. Dilute 1.00 ml of sample with 100 ml of pH 5.00
buffer and caculate the absorbancies.
C. Exhausted Developer
14.
1. Pipet a 25 ml sample of developer Into a 125 ml
separatory funnel. Add three drops of phenol-
phthalein and then add acid until the solution
becomes colorless. Record the mis of acid added.
2. Extract the sample three times with 25 ml. port
ions of water saturated ethyl acetate. Discard the
ethyl acetate each time. Dilute 1 ml of extracted
developer with 100 mis of pH 5.00 buffer and det
ermine absorbency.
3. (absorbency) (mis developer -f mis 7.0 N H?SQ4,)
mis developer =
corrected absorbency.
4. Dilute 1 ml of unextracted developer with 100 mis
of pH 5.00 buffer. Check the absorbency at the
peak wave lengths.
5. From the observed absorption of step four subtract
the corrected absorbency from step three. With the
resulting figure caculate the concentration of the
unexhausted developer from the graph.
Note: If a. reading was obtained from step three in part
A. Lt must be subtracted from each reading made In
parts B and C.
15.
A
b
s
o
V
b
a
n
e
a y
at
2
7
0
mu
rams/liter 5.0
ydroquinone
,2
grams/liter
Phenidone
0.2 0.3 0.4 0.5
Absorbancy at 247 mu.
0.6 0.7 0.8
Figure IV
16.
Table 4.
Absorbancy Indices
Hydroquinone
grams/liter
A270 mu Asi A247 mu -As2
6.00 0.840 0.140 0.276 0.046
6.00 0.450 0.075 0.276 0.046
3.00 0.318 0.106 0.246 0.082
3.00 0.318 0.106 0.138 0.046
3.00 0.312 0.104 0.138 0*046
3.00 0.308 0.103 0.090 0.030
1.00 0.106 0.106 0.046 0.046
Phenidone
grams/liter
0.10 0.065 0.65 0.085 0.85
0.10 0.062 0.62 0.090 0.90
0.10 0.073 0.73 0.088 0.88
0.20 0.150 0.75 0.190 0.95
0.20 0.151 0.75 0.135 0.95
1.00 0.703 0.70 0.900 0.90
Avg. Asi Avg. As2
0.104 0.046
0.73 0,90
Analysis Of Developer By The Method For Fresh Developer
Mix # V Solution 3 - 7
grams H grams P
1.
2.'
3.
4.'
5i'
6.
4.00
4.00
6.00
6.00
8.00
8.00
0.25
0.25
0.30
0.40
0.20
0.45
Readings
270 247
0.591
0.600
0.785
1.01
0.637
1.24
0.410
0.409
0.570
0.650
0.531
0.800
Graph heading Difference
grams . H grams P grams H grams P
4.00
3.95
6.05
6.00
8.00
8.05
0.250
0.252
0.297
0.401
0.201
0.455
0.00
-0.05
/0.05
0.00
0.00
0.000
/0.002
-0.003
/to. 001
/O.OCI
/0.05 /0.005
'Extracted
Table 5
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DETERMINATION OF SULFITE IN A DEVELOPER
Introduction
The developer sample Is added to an excess of iodine,
formed by acidifying standard potassium iodate solut
ion and adding potassium iodide. Part of the iodine
is reduced to iodide by the sulfite in the sample; the
unreduced part Is measured by titrating it with stand
ard sodium thiosulfate using starch indicator. Since
the quantity of sulfite is equivalent to the quantity
of reduced iodine, and since the quantity of sodium
thiosulfate used in the titration is equivalent to the
quantity of unreduced iodine, the difference between the
total iodine and the volume of sodium thiosulfate is a
measure of the sodium sulfite concentration.
Reliability
The method is accurate in that It measures the true amount
of sulfite In the mix. Photographic -grade sodium sulfite
is approximately 99$ pure; thus the amount found in the
mix is likely to be sightly less than the amount of chem
ical put into the mix.
Reagents
0.1000 N potassium iodate
7.0 N sulfuric acid
0.6 M potassium iodide
0.1000 N sodium thiosulfate
starch indicator
18.
Procedure
A. treatment and titration of sample
1. Pipet 50.0 ml of 0.1000 N potassium iodate
into a 250-ml Erlenmeyer flask.
2. Add 25 ml of 7.0 N sulfuric acid.
3. Add 25 ml of 0.6 M potassium iodide.
4. Place 3.00 ml of sample into flask.
5. Titrate with 0.1000 N sodium thiosulfate to a
*
light yellow color. Then add 5 ml of starch
indicator and continue the titration untill the
blue color disappears.
B. Calculations
1. (50.00 - ml Na2S20?J (6.303) = Na2S03, grams/liter
ml sample
19.
DETERMINATION OF BROMIDE IN DEVELOPERS
Introduction
Tne sample of developer is treated with 7.0 normal sulfur.
ic acid, aerated and titrated potentiometrically with
standard silver nitrate. A silver electrode is used to
follow the progress of the titration.
Any iodide ion in the sample precipitates before the bro-
mide ion. In some solutions, it is of sufficient concen
tration to make the bromide results approximately 0.2
gram per liter high. With relatively high iodide con
centration a small break will occur while the first ml
or two of titrant is being added. However, in most dev
elopers the iodide break is not apparent at all.
The cloride ion also present in the sample precipitates
after the bromide ion. Because there is only a small
amount of cloride in many samples, the cloride and brom
ide breaks tend to merge in the titration curve. When
this happens, the cloride break can be easily mistaken
for the bromide end point. Therefore, more clorine is
added to the sample before the titration in order to sep-
erate the two end points.
Developers containing chemicals such as thiocyanate
cause interference during this analysis and require
special procedure.
20.
Reagents
Foamex
7.0 normal sulfuric acid
0.10 normal sodium cloride
0.0500 normal silver nitrate
Procedure
A. Treatment of Sample
1, Pipet 100.0 ml of developer into a beaker. Add
1 drop of foamex.
2. Add 50.0 ml of 7.0 normal sulfuric acid.
3. Insert a gas dispersion tube attached to an air
hose into the sample. Cover the beaker with a
watch glass.
4. Aerate gently for 5 minutes.
5. Remove the watch glass and wash down the beaker
with distilled water. With the air pressure still
on, raise the air dispersion tube above the solut
ion and rinse it down into the beaker.
6. Add 1 ml of 0.10 normal sodium cloride.
B. Titration
1. Clean and rinse the electrode.
2. Titrate the sample with 0.0500 normal silverX
nitrate, using a pH meter.
C. Caculations
1. (ml AgNO.-Q (fl AgNO^) (eq wt KBr or NaBr) (1000)
(ml sample) (1000)
B
KBr or NaBr, grams per liter.
21.
Table 7
SAMPLE SIZE AND TREATMENT OF SAMPLE
Developer Sample size Beaker Vol. Acid
(ml) (ml) (ml)
D-95, D-19 25.0 250 15
D-72, RD-1-16 100.0 400 50
D-16, DK-50, DK-60 200.0 600 100
Table 8
LOCATING THE END POINT BY THE DELTA METHOD
ml 0.0500 N Meter Delta
AgN03 Reading (Difference)
0
0.50 10.20
1.00 10.18
1.50 10.10
2.00 10.01
2.20 9.90
042.40 9.86
2.60 9.80 *~
2.80 9.73
3.00 9.63
3.20 9.48
3.40 9.22
3.60 8.92
3.80 8.76
4.00 8.67
.07
.10
.15
.26
.30
.16
.09
4.20 8.60 'J
4.40 8.57 'u
Note that the greatest change in potential occured when
a total of 3.60 ml of titrant had been added. The end
point is therefore 3.60 minus 0.20/2 or 3.50.
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